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INTRODUCTION 
In a previous note on Saprolegniasis, we stressed the growing importance 
of mycoses (fungi) in ichthyopathology and looked at the possibility of 
applying serological techniques to the taxonomic study of species of Saprolegnia 
with parasitic capacity (PEDUZZI, 1975). 
In the perspective of a better comprehension of the penetration mechanism 
of fungal agents into fish tissues, we have undertaken an investigation into 
the proteolytic activity of the cellular extracts of Saprolegnia, and of the 
metabolites released into the culture medium. 
The study of the pathogenicity of the fungi in question has benefited 
greatly by the use of immunoenzymatic and enzyme kinetic techniques, which deal 
with characterization and (quantitative) analysis of enzymes (PEDUZZI & 
BIZZOZERO, 1976), and by the use of histological techniques for locating the 
parasite in the host. (NOLARD-TINTIGNER, 1973). 
The study of enzymatic activity is of great importance in the immunology of 
fungi. Indeed, knowledge of biological activity of antigenic structures is 
important for the elucidation of host-parasite relations as well as in the 
search for a taxonomic factor permitting differential diagnoses. In our case, 
by observing the pathological outline given by the saprolegniasis in fish, we 
think there is evidence of a possible proteolytic activity having a role either 
in the invasion and destruction of the epidermis by digestion, or in the profound 
penetration of the hyphes into the tissues. Furthermore, in the case of the 
parasitic species of the genus Saprolegnia of which saprophytism is a normal way 
of life, the evidence of enzymatic activity is particularly interesting, 
especially considering the remarkable parasitic adaptability which is present 
within the same species. 
We present here the discovery of chymotrypsin - like activity by an 
immunoenzymatic technique and the analysis of that same proteolytic activity by 
a kinetic method. The characterization and analysis of the protease in extracts 
from Saprolegnia allows us to establish a correlation with (the protease and) the 
digestion of host tissues, which is necessary for the penetration of hyphae 
and can be seen in the histological sections. 
MATERIAL & METHODS 
1. Stocks and conditions of culture 
The following reference stocks of fungi from BAARN (Central bureau voor 
Schimmelcultures, CBS), are also used in the first part: 
Saprolegnia parasitica (223.65), Sapralegnia ferax (534.67), 
Saprolegnia delica (345.62), Saprolegnia diclina (536.67) 
The Saprolegnia parasitica stock is from the American Type Culture 
Collection, Rockville (ATCC No. 22284). 
The culture medium: 
- Corn extract (Cornmeal, Oxoid) for the preculture was made in a petri bottle. 
- Mycophil broth, BBL (modified from the medium of SABOURAUD) was used for 
intensive cultures for somatic and metabolic antigen extraction. 
We have given the composition of the medium in the previous part (Part I of 
the paper. 
2. Preparation of antigenic extracts 
Antigenic extracts were prepared by agitation of cultures in liquid phase 
in 500 ml Erlenmeyer flasks containing 150 ml of Mycophil broth medium. The 
mycelia used for the extraction of antigens were very young, about 4 days old, 
and were in the filamentous stage, without differentiation of the sporangia. 
Preparation of antigenic extracts from fungal material has already been 
described in detail (PEDUZZI, 1975). 
To prepare metabolic antigens arising from the culture medium, we proceeded 
in the following manner: 
After separating the mucelium from the culture medium with a Buchner filter, 
the filtrate is lyophilized. The lyophilized material is reduced to a powder 
and is then resuspended and homogenized in distilled water. The solution 
obtained is utilized for the determination of enzymatic activity and constitutes 
the extract of metabolic antigens for the immuno-chemical reactions. 
3. Preparation of antiserums. 
The immune serums are prepared in rabbits from the 4 reference cultures of 
fungi from Baarn: Saprolegnia parasitica, S. ferax, S. delica and S. diclina. 
Due to the weakness of antigens obtained from extracts of non-differentiated 
Saprolegnia as compared to the samples of Neurospora at the same age (PEDUZZI, 
1972), we had to modify our injection procedure. We have adopted the injection 
of antigen in the ball of the foot in rabbits ("footpad") and have intensified 
it by the number of injections as shown in the following scheme: 
2. 
3. 
Day 1 - 1ml homogenate plus 1 ml Freunds' complete adjusant - in the 
footpad. 
Day 22 - 1 ml homogenate + 1 ml Freund's adjusant intramuscular 
sub-cutaneous 
Day 34 - first blood sample "Vorblutung" 
Day 47 - 1 ml of homogenate + 1 ml Freunds' adjusant intramuscular sub-cutaneous 
Day 78 - 1 ml homogenate without Freunds' adjusant intramuscular 
Day 92 - blood sample 
Day 100 - blood sample 
4. Immunoenzymatic reaction for obtaining evidence of chymotrypsin-like activity. 
For the general principals of characterization of enzyme-antienzyme 
complexes in precipitation arcs after immunoelectrophoresis on double diffusion, 
we refer you to the classic work by URIEL (1961 and 1963). 
The techniques of immunoelectrophoresis and double diffusion on gel plates 
are applied as describe in the first part of the study (PEDUZZI, 1975). 
For the identification of chymotrypsin-like activity from antigenic 
fractions of the original fungi, we have adopted the same methods applied to 
Aspergillus fumigatus by BIGUET and colleagues (1967) and by TORCK-DELCROIZ 
(1968). 
We have used the substrate; Acetyl-DL-phenylalanine-β-naphtylester. 
The substrate is that proposed by URIEL for reactions on gel agarose. 
After development of precipitation arcs and elution of excess, unprecipitated 
protein which will hinder the reaction, in a physiological solution of 9% NaCl 
enzymatic activity is evident on the dried agarose film. Chymotryposin-like activity 
was revealed after incubating the plates for 40 minutes at 37°C in a solution 
containing: 
5 mg of ,Acetyl-DL-phenylalanine-β-naphthylester (K & K Laboratories, 
Hollywood). 
2 ml of dimethyl formamide (SERVA, Heidelberg). 
10 mg of naphthanil diazo blue B (K & K Laboratories) 
20 ml of Tris buffer at pH 7.4 0.05 M (SERVA) 
(PEDUZZI & BIZZOZERO, 1976). 
5. Measure of enzymatic activity 
The kinetic test is effected by using, as a substrate, the product 
N-acetyl-L-phenylalanine methylester. 
Enzymes with chymotrypsin-like activity easily hydrolyze the substrate 
to acetyl-L-phenylalanine plus methanol. 
4. 
The determination is based on the use of sodium hydroxide (NaOH) 
for titrating the acid product, (acetyl-L-phenylalanine). 
Indeed the unfolding of the hydrolysis can be measured by the 
determination of a constant pH of 7.5, as a function of time, the 
quantity of NaOH used to neutralize the acid product, also the titration 
continually gives the quantity of base (NaOH) used at each moment of the 
reaction to maintain the solution at a constant pH. 
The hydrolysis of the substrate is stimulated by the enzyme 
contained in the extracts of Saprolegnia (PEDUZZI & BIZZOZERO, 1976). 
Determination of the activity of the mycelium extracts (cellular 
or somatic extracts): 500 mg of mycelium lyophilized are ground in a mortar 
with quartz sand and the addition of 5 ml of distilled water. 
Centrifuge the homogenate at 25000 g for 15 minutes. The method 
of WARBURG & CHRISTIAN (1942) is used for the determination of proteins 
in the supernatant. Samples for determination of enzymatic activity are 
prepared as follows: 3 mls of supernatant are diluted with 5 ml of 
sodium chloride 0.5 μ. The initial pH of 5.5 of the solution is 
adjusted to 7.5 by the addition of sodium hydroxide. 
Determination of activity in the culture medium: After filtration, the 
liquid culture medium is lyophilized. The lyophilization powder is then 
resuspended in 5 ml. of distilled H20. For determination of enzymatic 
activity, 2.5 ml of the solution are diluted with 5 ml of NaCl 0.4 μ and the 
pH adjusted to 7.5 by addition of 100 μl of sodium hydroxide 1M. 
The assays are carried out with the help of a pH-stat at pH 7.5 and 
at a temperature of 25°C. (PEDUZZI & BIZZOZERO, 1976). 
6. Histological techniques 
Having need for a stain which selectively impregnates the membrane 
wall which is made up of lysoproteins and polysaccharides, we have used the 
technique given by Gomori, with silver-methenamine, modified by R.G. GROCOTT 
(1955), which reduces the aldehydes present in the section. 
The wall of the fungus is brown darkening to black and, like the 
inside of the skin and the muscles, the filaments stand out in a 
pronounced way immediately. 
We have applied GROCOTT's technique in association with Hemalun, 
Phloxine, luminous green, in order to produce a topographical coloration 
of all the tissues in which we have found fungal structures. 
The tissues are fixed in a liquid of ordinary Bouin, decalcified by 
5% trichloroacetic acid and embedded in paraffin after dehydration in 
5. 
butyl alcohol. We have not used toluene as it destroys the wall (membrane) 
of the fungus (NOLARD-TINTIGNER, 1973). 
RESULTS AND DISCUSSION 
Analysis of cellular extract 
Our first investigation (to be carried out) was the analyses of soluble 
antigenic fractions arising from the mycelium of cultures of 4 species of 
Saprolegnia, which are found most frequently in the parasitic state on fish: 
S. parasitica, S. ferax, S. delica, S. diclina. Fig. 2. gives an example with 
a comparison of results of heterolagous reactions obtained when reacting 
the immunoserums from a rabbit with the extracts of different species of 
Saprolegnia. The precipitation arcs are coloured with thiazine red and their 
positioning presents a remarkable difference from one spectrum to the other. 
Analysis of metabolic extracts. 
A solution containing metabolic antigens was prepared by redissolving, with 
twice distilled water, the powder from the lyophilization of culture medium. 
In double diffusion, the metabolic products released in the culture medium, 
precipitated with the rabbit antibodies produced against antigens from the 
cellular extract. (Fig. 3). The positive result allows the following two 
conclusions. 
- the substances released into the culture medium during the growth of the 
microorganism have a definitely antigenic behavior. 
- many antigenic fractions exist (both in the soluble proteins of the 
mycelial cellular extract and in the proteins excreted into the culture 
medium. 
Immunoenzymatic analysis. 
Characterization of chymotrypsin—like activity in the somatic antigen extracts 
of 4 species of Saprolegnia was performed either by diagrams obtained from 
double diffusion or by immunophoregrams. 
Double diffusion 
With immunoserum anti-S. parasitica, anti-S.ferax, anti-S.delica and anti-S. 
diclina, we proceeded with 4 heterologous reactions by reacting, on the same 
plate, an immune serum with extracts from 4 sources of reference. 
The positive results of the chymotryosin-like reactions allow the following 
hypothesis: 
a) the 4 immune serums contain, at least, an antibody able to precipitate 
antigens possessing positive chymotrypsin-like activity. 
b) the most distinctive reactions are shown in the diagrams revealed by 
immunoserums anti-S.diclina and anti-S. parasitica. In Fig. 4 a & b 
we have placed, side by side, the characterization of chymotrypsique-
like activity, and the control diagram with total precipitation coloured 
with thiazine red. 
Immunoelectrophoresis 
In the immunoelectrophoretic diagrams, the characterization of chymotrypsin-
like activity was shown from positive reactions from the arcs of weak anodic 
mobility. (Fig. 5a & b). The immune serums, anti-S.parasitica and anti-S.diclina 
precipitate the fractions possessing a more marked enzymatic activity. In parallel 
we have shown positive enzymatic reactions on the precipitation arcs from 
diagrams obtained, beginning with metabolic antigens released in the 4 culture 
mediums. 
One of the major fractions supports a definite positive chymotrypsin-like 
activity. The intensity and efficacy of that production will be evaluated 
in the kinetic enzymic reaction which follows. 
Measure of chymotrypsinic activity. 
The detection of chymotrypsin-like activity by a colour-producing chromogen 
reaction in one of the major fractions of the serological diagram, encouraged 
us to evaluated the activity quantitatively. 
With the first assay, we were able to establish that the enzymatic activity 
contained in the extracts of Saprolegnia, were of great enough magnitude to allow 
easy evaluation by a kinetic method. The method chosen consists of following 
the hydrolysis of a typical substrate of chymotsypsin, actyl-L-phenylalanine 
methylester, with the help of a pH-stat. 
For all 4 of the species examined, either the cellular extract or the culture 
medium showed high chymotrypsin-like activity. 
The curves in Fig. 6 illustrate the progression of hydrolysis of acetyl-L-
phenylalanine methylester catalyzed by the protease contained in the mycelium 
extract (cellular). 
In Fig. 7, the curves of hydrolysis catalyzed by the enzyme contained in the 
culture medium of the 4 species, are given. 
The reactions observed could be attributed without ambiguity to the hydrolysis 
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of substrate, since the blank, the assay conducted in parallel in the absence 
of substrate, showed only a weak reaction (probably due to the hydrolysis of 
other proteins contained in the same extract). Using the tangent of the curve 
at zero time of the reaction, it is possible to determine the initial speed 
of degradation. This initial speed constitutes a measure of the enzymatic activity 
in the sample. Unit activity (μ) is the quantity of enzyme which catalyzes the 
hydrolysis of 1μ Mol of substrate per minute in the given experimental conditions. 
The activity of the preparation in relation to the protein content (given in 
μ/mg) is called specific activity. 
We can verify that the specific activity varies from one culture to another, 
by a factor of two: S.delica and S. diclina have the same specific activity, 
which is two times as large as the activity of S.parasitica CBS and S. ferax. 
The value of the specific activity of S.parasitica ATCC lies between the two. 
Another interesting point is shown by the comparison of the total activity of 
enzyme released in the culture medium, with the activity of the cellular extract 
from the corresponding culture. 
Indeed, the activity found in the culture medium is from two to 5 times larger 
than that found in the cellular extract. That seems to indicate the extracellular 
destination of the proteolytic enzyme. 
If we compare, for example, the activity detected in the mycelium with that of 
the medium for cultures of species S.ferax, we haves 
- total chymotrypsin-like activity measured in the mycelium extract is 0.7μ. 
- total chymotrypsin-like activity in the culture medium is 3.4μ 
For cultures of the species S.parasitica, the relation between activity of 
the medium to activity of the mycelium is 2.4. 
The deadly qualities of the enzyme as well as the considerable quantity which 
is liberated in the medium, seem to indicate a conclusive evidence of parasitism, 
in the nature of tissue digestion necessary to the penetration of the hyphes. 
This interpretation found some justification in histopathology. Indeed, the 
experimental induction of saprolegniose in two species of exotic fish and in the 
trout permits the surmise, from some histological sections of the profound 
penetration of fungal elements in the tissues (NOLAND-TINTIGNER, 1971; MENG, 
1973). 
We give below the portion of the study which deals with the experimental 
inoculation of two exotic species: The guppy (Lebistes reticulatus) and the 
(xypho) (Xyphophorus helleri). In a subsequent note, some results concerning 
trout in the context of a larger study which also considers the immunological 
response of trout to fungal antigen, will be dealt with. 
7. 
8. 
Histopathology. 
Experimental infection was achieved in guppys and xiphos by scarification 
and contamination of the water, the technique having been described previously 
by one of us (NOLAND-TINTIGNER, 1973). The scarification consists of tearing 
4 to 5 scales, then grating the residual ectoderme before putting a dermic 
coating (covering, layer) on the exposed portion. The fish is then placed 
in a vessel (petri dish) and infecting culture is added to the water in the form 
of 2 or 3 seeds of hemp on which the Saprolegnia has developed. 
6 to 8 Hours after scarification, we observed macroscopically, the appearance 
of mycelial filaments on the fish. The contaminated fish died 24 to 48 hours 
after contact with the infecting solution. We killed them and fixed them in 
acetic Bouin, in diverse stages of infection. 
The motile zoospores come to encyst on the dermus where they emit their 
germination tube which penetrates perpendicularly through the fibers. (Fig. 8). 
No other fungal element alights on the fish. Irrefutably, only the asexual spore 
is capable of colonizing fish tissue. 
The germination tubes emitted by the spores pierce the dermis and six hours 
after scarification, begin to invade the muscle. At the end of ten hours, the 
invaded dermis is completely destroyed. The first fungal filaments can be found 
in the spinal column after twelve hours. 
We have tried to illustrate the progressive invasion of the parasite, with a 
series of pictures of histological sections taken from different parts of the 
body of the infected animal. Fig. 9. shows the penetration of hyphe into the 
head region of the guppy. The section passes right through the center of the 
fungal lesion. The ectoderme and the dermis have been destroyed and completely 
invaded by the fungus. One can see the free filaments which are immersed in 
the water. The filaments have penetrated profoundly; all the muscular bed is 
invaded. In addition, the filaments have entered the skull and form a sort 
of cavity there. 
Fig. 10. shows at what point Saprolegnia begins to develop in the circulatory 
system; the fungal mass is formed by the massing of tangled filaments, obstructing 
the opening of the vessel and preventing the movement of blood. 
Frequently, thrombosis helps to accentuate the haemorrhagenic character of 
the tissues due to the alteration of the parasitized vessels. 
The mycelial hyphes also penetrate into the spinal column. Fig. 11 
illustrates the invasion, the transverse section is practically on a level with 
the inoculation. The progression of the fungal filaments includes a degeneration 
of the spine and paralysis of the fish. 
Studies on the possible toxin present in extract solutions of cultures of 
Saprolegnia. 
The hypothesis concerning the secretion of a toxin by the fungi is often 
suggested to explain the cause of death of fish attacked by Saprolegnia. 
The first experimental verification (HOSHINA & colleagues, 1960; NOLARD-
TINTIGNER, 1973) was made by inoculations of ground culture to the fish; contrary 
to the supposition suggested in 1939 by TIFFNEY. 
It's necessary to mention at this point, that evidence of the toxicity of the 
fungal toxin can be produced by injecting extract into laboratory animals such 
as the rabbit, the guinea pig or the mouse, even though they are not natural hosts. 
It is thanks to that fact that often, in these organisms, the toxic substance can 
be much more active (elevated toxicity). This is the case, for example, of the 
endotoxins produced by Aspergillus fumigatus and Candida albicans, which provoke, 
tetanic convulsions, paralysis and death in laboratory animals (FUENTES, 1952; 
HASENCLEVER, 1959: SALVIN, 1963) 
In an analogous manner we have tested the extracts of Saprolegnia. 
In order to be able to observe the contingent disturbance, we have injected 
the same antigenic suspension to a series of guinea pigs and a series of rabbits, 
animals which are generally hypersensitive to fungal toxins. In parallel, a series 
of rainbow trout (Salmo gairdneri) were sensitized (with antigen) in the same 
manner. Using the conditions of extraction described, the suspension was not 
toxic for the trout, the rabbit, or the guinea pig. It must be mentioned that 
we cannot be categorical on the subject because the purification factors and 
concentration of the possible toxic substance have not been considered yet. 
Immune response of the fish to fungal antigens. 
With the injection of extracts from Saprolegnia cultures, we stimulated the 
formation of antibodies in the fish, without, however, observing any symptoms 
of toxicity. Indeed precipitation arcs were revealed by the double diffusion 
method, with immune serum from rainbow trout (Salmo gairdneri) having received 
4 injections of the antigenic suspension normally used for the sensitization 
treatment in rabbits. The immune response in fish, is a pheonomena which has 
considerable scientific interest, not last for the practical applications which 
can be derived from it. 
Success in experimental sensitization has been obtained (VLADIMIROV, 1968; 
DORSON, 1972; HARRIS, 1973) by injection of purified substances, chemically 
defined and very immunogenic, for example: hapten coupled to a protein, concen-
trated suspension of bacteriophages, B.S.A. (bovine serum albumin), etc. 
The immunological aspect of fish mycosis is taken into consideration more 
and more (GRIMALDI and colleagues, 1973: PEDUZZI, 1973 and 1975; WILSON, 1976). 
9. 
In 1970 HODKINSON and HUNTER found an immune response when reacting serum 
taken from salmon (Salmo salar) naturally infected by the fungi, against 
(with) extracts of cultures of the Saprolegnia sp. In this case the fish 
were attacked by U.D.N. (ulcerative dermal necrosis), that is to say, showed 
cutaneous ulcers invaded by mycelium. It is necessary to mention that the 
same authors (HODKINSON and HUNTER, 1971 and 1974) have obtained positive 
reactions solely with extracts arising from cultures in the 'Salmon extract' 
medium. 
In an analogous fashion, it is possible for us to show in evidence an 
immunological reaction to saprolegniose in trout living in open water. Indeed, 
we have obtained precipitation arcs with the double diffusion technique when 
using the serum of trout (Salmo trutta fario) naturally infected by Saprolegnia 
and from antigenic extracts prepared from the lyophilizate of a culture of 
S. parasitica ATCC. One thing of interest was that one of the fractions 
precipitating showed chymotrypsin-like activity. 
This evidence of anti-chymotrypsin antibodies in the serum of fish naturally 
attacked by Saprolegnia seems to confirm the importance of biochemical activity 
in the parasitic competence of Saprolegnia. 
The antigenic protease with chymotrypsin-like activity in other fungi have 
already been the objects of much work; BIGUET and colleagues (1967) identified 
(the activity levels) from a remarkable antigenic fraction from extracts of 
Aspergillus fumigatus and discussed the repercussions which it may have in a 
differential immunologic diagnosis of aspergillus: NICOLET and colleagues (1973) 
showed evidence of specific antibodies induced against Micropolyspora faeni in 
bovine serum. 
In a more general way, MATSUBARA & FEDER (l97l) and MORIHARA (1974) have 
emphasized the importance of proteases of microbial origin in two publications 
which review the studies of the last ten years. It seems, without a doubt, 
that the proteolytic activity detected in certain pathological fungal species 
help to explain their parasitic adaptability, on this subject one can mention 
for example, the studies on mycoses of insects caused by Entomophthoracees 
(GABRIEL, 1968} JONSON, 1968), as well as the studies on mycoses of freshwater 
crayfish (diseases of crayfish) for which the agent responsible is Aphanomyces 
astaci (SODERHALL & UNESTAM, 1975). 
The results reported here allow;us to offer the following points in evidence. 
- the fish show an immune response to fungal antigens either by sensitisation 
with extracts from a culture or during spontaneous saprolegniasis. 
the appearance of anti-chymotrypsin antibodies in fish serum naturally 
infected by fungi, indicates the presence of a major antigenic parasitic 
fraction. 
10. 
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- the immuno-enzymic evidence considered with the histopathological evidence, 
and comparison of histological sections from the fungal invasion of ulcers and 
histological sections from the second stage of UDN makes this clear (MEIER, 
1974; ROBERTS, 1976), only reinforces the idea of the important role played 
by Saprolegnia in the pathogenicity of Ulcerative Dermal Necrosis. 
In this connection, many authors have recognized the importance of the 
pathological action of fungi in the evolution of the illness (GHITTINO, 1970; 
ROBERTS, 1972; NOLARD-TINTIGNER, 1973). 
In conclusion, in the study of saprolegniasis, it seems to us that the 
enzymatic approach affords new elements for the examination of the etiology 
of fungi as well as an element of gravity concerning the biochemical modifications 
necessary to the change of saprophytism to parasitism. 
If, in the same perspective, one considers the profound penetration of hyphe 
in the tissue of the fish, that remarkable catalytic activity has a significance 
which is not small in the adaptive balance sheet of species of Saprolegnia to 
potential parasitism. In conformity to the recent orientation of studies on 
fungal biotrophy (LEWIS, 1973) the resulting conclusion is completed by two 
essential aspects 
- the evolution of a saprophytic organism to biotrophy is evaluated by the 
quantity of hydrolase secreted in the tissues of the host. 
- the capacity to produce hydrolases serves to differentiate, in the new 
terminology the biotrophic pathological fungi from the necrotrophic. 
12 
Fig 1. Rainbow trout (Salmo gairdneri) attacked by spontaneous saprolegniasis. 
Example captured in the open waters. 
Figure Legends 13 
Fig. 2. Comparative immunoelectrophoretic analysis from extracts of 
Saprolegnia. In the two troughs is put anti S. diclina 
immunoserum from rabbits. Note the differences in the 
precipitation arcs resulting from the reaction of different antigenic 
extracts (prepared from different species). 
Fig. 3. Double diffusion, Ouchterlony's test. Antigenic relationship between 
the cellular antigens (mycelial) and the antigens freed into the 
culture medium (metabolic). Central well immune serum anti-S.ferax 
produced against the mycelial extract. In the external wells antigenic 
solution from the medium of a homologous culture S.ferax (1); antigenic 
extract solutions from the culture medium of S.parasitica (2); from the 
medium of S.delica(3); from the medium of S.diclina(4). 
14 
Fig. 4. Double diffusion, Ouchterlony's test. Immune serum anti-S.parasitica 
was put into the central well. The external wells contain 
homologous antigenic extracts. 
a) Colouring of total precipitation by thiazine red. Note the 
intensity of precipitation. 
b) Characterization of the chymotrypsin-like activity by a colour 
producing reaction in a diagram identical to that of 4a. 
Fig. 5. Immunoelectrophoretic analysis. In the trough we have put anti-
S.parasitica immune serum, in the well, antigenic extract from the 
mycelium of Saprolegnia diclina. 
a) Coloration of the total precipitation by thiazine red (PEDUZZI 
& BIZZOZERO, 1976). 
b) Characterization of the chymotrypsin-like activity by a colour-
producing reaction on an identical precipitation diagram. One 
arc only possessed chymotrypsin-like activity. 
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Fig. 6. Progress of hydrolysis catalyzed by the proteolytic enzyme contained 
in the mycelial extract. Quantity of substrate hydrolyzed as a 
function of the time for the different solutions. S.parasitica ATCC 
[1TC], S. parasitica CBS (1 CB), S.ferax (2), S.delica (3), 
S.diclina (4) 
Fig. 8. Spores of Saprolegnia ferax germinating on the dermis. The animal 
was fixed 2 hours after coming in contact with a young culture in full 
sporulation. Fish: Lebistes reticulatus (NOLARD-TINTINGNER, 1973) 
Fig. 7. Progression of the hydrolysis catalyzed by the proteolytic enzyme 
liberated into the culture medium. Quantity of substrate hydrolyzed 
by the different solutions: S.parasitica (1a), S.ferax (2a), S.delica(3a), 
S.diclina (4a). 
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Fig. 9. Transverse section through the middle of a tuft of fungi 
implanted on the head. Fish: Lebistes reticulatus 
f.1. mycelial filaments which hang into the water 
(brown merging to black). 
c.m.: The muscular bed (rose) is largely invaded. Coloration 
technique - GOMORI-GROCOTT, used with hemalum, phloxin, 
luminous green in order to achieve a topographical 
coloration of the tissues in which we find the fungus. 
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Fig. 10. Transverse section made 48 hours after inoculation. 
Fish: Xiphophorus helleri. Aorta invaded by hyphe. (arrows). 
Fig. 11. Transverse section made in the middle of the inoculation, the 
growth of the fungal filaments (arrows) in the spinal cord 
caused necrosis. Fish: Xiphophorus helleri. 
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